INTRODUCTION
The Missouri River, like some of its great tributaries, rises high in the Rocky Mountains. With thousands of tributary streams it drains the water from plains and prairie to form a mighty river with a flood plain many miles wide. It has made a bluffrimmed depression and numerous tributaries and their branches have cut canyons below the general level of the wind-swept grasslands. Its main tributaries from the west-the Niobrara, Elkhorn, Platte, and Big Blue flow east or southeastward. The Big Sioux River bordering Iowa, enters the Missouri from the north, and large tributaries in Iowa-the Little Sioux, Boyer, Nishnabotna, Tarkio and Nodaway-flow more southward than westward (Fig. 1) . The Missouri River separates southeastern South Dakota, Iowa, and a part of Missouri from Nebraska. So profoundly has this river modified the effects of the general grassland climate that in many places prairie has given way to woodland and forest.
Several distinct forest communities along the river in southeastern Nebraska and adjacent parts of Kansas, Missouri, and Iowa extend for short distances over the uplands, but farther along the major streams. Most of the trees and shrubs of this forest are near the extreme western limit of their range. The extreme outposts of the forest are represented by relatively few species of trees and shrubs along the creeks and sheltered ravines which more or less dissect the hillv and rolling portions of the prairie.
A
With these the grassland had immediate contact over many thousands of miles.
The several belts of forest communities on the river bluffs and adjacent hills are, beginning with the most mesic, red oak-linden (Quercyus borealis maxima and Tilia americana), black oak-shellbark hickory (Quercus velutina and Carya ovata), and bur oak-bitternut hickory (Quercus macrocarpa and Carya cordiformis).
The bur oak community is usually but not always bordered by a more or less continuous community of shrubs which separate it from prairie. Northward beyond the mouth of the Platte the more mesic. forest communities almost disappear. There is a decrease in the general area occupied by woody vegetation, decrease in number of species, dwarfing in size of individuals, and trees are confined to the more favorable sites. Conversely, the area covered by shrubs greatly increases.
Tongues of woodland follow up the stream courses into Iowa northeastward to the Missouri-Mississippi divide, and far into Nebraska and northern Kansas westward. Such belts of timber vary from a few yards in width at the stream sources in grassland to 0.5 mi or more along their lower limits where they merge insensibly into the main body of timber on the Missouri River bluffs and along the valleys.
The area of this study is approximately 50,000 sq nii. It and white or American elm (U. americana) were most abundant on the banks. Flood plain species were boxelder, green ash, hackberry (Celtis occidentalis), honey locust (Gleditsia triacanthos), wild black cherry (Prunus serotina) and black walnut (Juglans nigra).
Some of these, of course, grew near or among the elms as well as on the base of the slope. A scattered growth of young bur oak, usually with diameters of 5 in. or less, grew on protected north-facing slopes and sides of lateral ravines.
Aside from shrubs and vines found upstream, which occurred much more abundantly here, several other species had migrated upward from the Missouri River. These were roughleaf dogwood (Cornus drummondi), black raspberry (Rubuts occidentalis), burning bush ( Most of these were scattered widely over the flood plain.
Continued study of the beginnings of vegetation along streams over this central prairie region, along branches of the Nodaway, Tarkio, Boyer, Elkhorn, and other rivers confirmed the general sequence described. Pioneer trees at the stream sources are those with light, wind-blown seeds such as cottonwood and willows. They usually appear soon after the sod is weakened by erosion. After a suitable habitat is available other species with wind-blown seeds occur, such as boxelder, elms and ash. The pioneer shrubs and vines-elder, coralberry, bittersweet, grape and others-have showy, edible fruits carried by birds. This early stage in woodland development is represented for considerable distances along nearly all small tributaries. It is especially pronounced in the western part of the area as well as northward, along the tributaries of such rivers as the Elkhorn and Big and Little Blue which extend far into the plains. When a, stream develops a flood plain with wide protecting banks, large fruits such as walnut, bur oak, hickory, hazel, and others are carried up stream by various animals, especially timber squirrels. Thus, as soon as a suitable habitat is provided in windprotected places along the stream, trees and shrubs may, in the absence of recurring fires, replace the prairie grasses. But on unsheltered and wind-swept banks of prairie streams, especially those far-froin large rivers, little or no woody vegetation may occur.
Far down most streams in the southeastern part of the area, flood plain forest is separated from bur oak and its border of shrubs by more mesic types of foriest, especially red oak and linden.
CONTACTS OF WOODLAND WITH PRAIRIE
Prairie grasses may come in direct contact with trees, especially in the early development of woodland along streams. But usually grassland is replaced by shrubs which extend outward from the edge of the woodland. Of the several species concerned the most important are sumac, rough dogwood, coralberry and hazel (Corylus americana). Where shrubs extend into prairie it is by mass invasion. It occurs at a level above most of the prairie grasses and is due to shade cast by the peripheral plants leaning far outward toward the light.
Prairie vegetation is shaded out more or less completely under a closed canopy of sumac or other shrubs. For a time it may be completely replaced by kentucky bluegrass (Poa pratensis) which is nearly always present, at least in small amounts, among the other grasses; but ultimately bare soil may prevail.
Shrubs usually extended outward only a few feet or a few yards into prairie. Often their contact with upland prairie was with big bluestem which formed a thin border to the more xeric prairie grasses. On lower slopes a more or less distinct belt of switehgrasT (Panicum virgatum) with canada wild-rye (Elymus canadensis) or sometimes cordgrass (Spartina pectinata) often intervened between bluestem prairie and shrubs.
A typical example of a low prairie-woodland contact follows. Transition from trees to prairie on a south exposure extended over only a few yards. Indeed, along a portion of the eroding creek both soil and trees had been washed away and prairie continued without change to the edge of the vertical bank. Elsewhere at the edge of the prairie the tall grasses were intermixed with an unusual percentage of coarse forbs such as oxeye (Heliopsis helianthoides), sawtooth sunflower (Helianthus grosseserratus), jerusalem artichoke (Helianthus tuberosus) and various species of goldenrod and aster. These first mingled with and then gave way to an intermittent border of roughleaf dogwood, coralberry and poison ivy. Elsewhere switchgrass and canada wild-rye extended to the shade and leaf litter under overhanging branches of the trees. A number of woody and herbaceous vines grew thickly at the forest edge and clambered over shrubs and far up the trees.
The west edge of this prairie, which was best protected from wind and afternoon sun, presented the widest, tallest and most varied fringe of shrubs. Here sumac formed thickets 8-15 ft high; thickets of wild plum (Prunus americana) were overrun by virginia creeper; frost grape and other vines were common and dense stands of dogwood, as tall as thp sumac, were usual. Tangled vines of black raspberry were plentiful, and over much of the transitional zone poison ivy completely covered the soil with its thick foliage or elimbed up the trees, the lower part of which were all but screened from sight, by the mass Of shrubs. A wetter part of this wide border was occupied by a thicket of sandbar willow (Salix interior).
Not infrequently saline areas occur locally or extend widely over the lower flood plains. Salt Creek and some of its tributaries, for example, receive salty border of blue grass on the prairie's edge under the water through springs. Most prairie grasses are shrubs and oaks. How far the shrubs extend outward intolerant to salt. Hence, the wonderfully well de-is determined by the water supply and exposure to veloped bluestem prairies of the upper flood plain drying winds. Usually it is only a few yards. were usually separated from the woodland's edge by broad belts of salt grass (Distichlis stricta), western wheatgrass (Agropyron smithii) and other salt-tolerant grasses. Similar saline areas are common along the Platte, Elkhorn, and Missouri Rivers and hundreds of smaller streams. wnen a nooa piain is ueveiopea-Lne OaKS alwT oak ways on the high eroding banks; willows, cottonwood, always with bur oak woodland (Fig. 2) (Figs. 3, 4) . Of the prairie grasses, the taller ones of these shrubs and often extended through the ecoand especially big bluestem seemed to thrive best in tone into the edge of the oak forest. In fact, large the shade of the shrubs and especially under the shade areas on the upper slopes and tops of the bluffs were of the branches of bur oak which spread outward a field of battle between grasses and shrubs; seedling near the soil. The half-shade often resulted in a oaks were rare.
On north-facing slopes, prairie often extended downward some distance on the ridges between the U-shaped, parallel ravines leading to the banks of the general, and these trees extended downward to the river. This sequence was repeated again and again Coarse grasses, such as prarie cordgrass or switchon neighboring ridges, although the transition from grass, occupy large areas of soil on higher ground prairie to bur oak was sometimes more abrupt and than the marshes, but the largest grassland comthrough a border of bluegrass resulting from the imunity is that of big bluestem which prevails mostly shade of the various shrubs. on second bottom lands where the soil is well drained. Along the Missouri River the width of the chaparThe flood plain is a vast area of level lowland ral on the bluffs beyond the bur oak forest in both (Figs. 6, 7) . Only when one observes it closely are Iowa and Nebraska varies from a few feet to 0.5 mi slight changes in elevation noticeable. From the or more. The shrubs are fewer and the light values river's margin a distant view is obscured either by are generally higher near the outer margin of the steep wooded bluffs on one side or on the other by zone than on its inner one near the oaks. In western trees, shrubs and vines of the flood plain forest. Iowa, as elsewhere, bur oak may border the open Since the apparently nearly level topography actually prairie or give wav to a zone of shrubs (Fig. 5) With each overflow, the natural levees on the river's banks become higher and the back-swamp more poorly drained, since this portion of the flood plain has not been elevated as rapidly as the stream bed. Where the natural levees conie in contact with the uplands they prevent the escape of water collecting behind them and temporarily, pond or marsh conditions develop. At the edge of the valley, drainage out of the hills is mainly that of small streams that (1o not cross the flood plain.
As explained by Harper (1938) water in the channels of tributaries flowing into the main river is also affected by the silting. Water in the channels of these streams must attain a considerable depth before it can flow into the main river, consequently the valleys have not only been filled with sediments but natural levees may also develop from the edge of the valley to the junction of the tributaries with the larger stream. The combined effect of the cross levees prevents the escape of flood water collecting behind them. Materials suspended in runoff water flowing through these areas settles in the quiet water. Thus, deep layers of sediment may be formed. Rivers, both large and small, as they flow through erodable land develop a flood plain. Such areas are commonly designated as bottom lands and more especially as first or low bottoms and second or high bottom lands. It has been estimated from several soil survey maps that along its course the Missouri River has 40 to 50% first bottom land. On first bottoms, especially within a mile or two of the stream, the river may occasionally change its course; but elsewhere such changes are to be reckoned in terms of hundreds or even thousands of years.
The Missouri River bottom is a nearly level plain of alluvial sediments. The topography is uniformly level, except in the relatively small areas where low ridges and shallow swales and slopes along the edges of old channels cause gentle undulations. Infrequentiy deposits of sand have been blown into low hills ill local places. Usually the land has slopes of lest than 2 to 3%. Meander scars are characteristic features of flood plains. Thus, a large number of soils, some water-logged, some poorly drained, others well drained and well aerated compose the bottom lands. Moreover, flooding, draining, and accompanying removal or deposition of soil are cyclic catastrophes. It seems clear to both the ecologist and the pedologist that it is not soil type per se that determines the kind and amount of native vegetation but rather aeration and constancy of water supply of these mostly productive soils that directly affects the vegetation. Generally these bottomland soils are neutral to slightly alkaline in reaction. When the land is placed under cultivation it is found that nearly every square mile presents several soil types.
A generalized diagram across a large flood plain is shown in Fig. 11 . The width is several miles; the horizontal lines indicate the relative elevation or depression of the various portions of the flood plain. Separation of first from second bottom is often much less abrupt than is shown in the figure, but the difference in elevation is usually 10 or more ft. With a 10-ft rise in flood, the river water enters the channels of the first bottom. When the rise is 20 ft the first bottom is completely inundated and water enters the channels of the second bottom. A 30 ft rise in the river inundates all but the highest areas on the second bottom, and the entire valley may be covered with several feet of water in extremely high flood, but this happens very rarely. 
FLOOD PLAIN FOREST
Flood plain forests along the larger rivers consisted very largely of cottonwood and willows. Along the Missouri they ranged from the water's edge over natural levees, to a distance of 1/8 to 1/2 mi from the river above Plattsmouth and to somewhat greater distances, in places, southward. In addition they bordered abandoned river channels, lakes and ponds. In the river they clothed great sandbars, and sometimes covered many acres of alluvial deposits on the inner or lower flood plain. The remaining area of the low, wet, first-bottom land was occupied by lakes, ponds, marshes, and in places by a. luxuriant growth of coarse grasses often alternating or intermixing with various shrubs.
On the second bottom, forest occupied a very minor portion of the area. Here the supply of soil moisture resembles closely the type now found in prairie elsewhere. Soil development, with rare exceptions, clearly took place under a continuous cover of grass. It is possible that prairie fires had some retarding influence upon tree growth, but it seems more probable that the natural environment of moderate rainfall (23-33 in.), dry winds and long periods of summer drought, which characterize the prairie climate, were the determining factors.
Sandbar willow (Salix interior) is the first tree or shrub in this area to grow upon sandy or muddy banks of rivers, streams and lake shores. Its extrenmely abundant, fiber-like roots enable it to maintain a hold on the soil. This small tree, usually about 20 ft high, has a slender trunk 2-3 in. in diameter. In dense stands, which result from its spreading by long stoloniferous roots to form thickets, it is commonly dwarfed into a shrub only 5-6 ft high. Branches are slender, erect, and flexible. The elongated narrow leaves are light yellow-green. Saplings 3-6 yrs old often occur at the rate of 8-10/sq ft. Usually woods. But mostly cottonwoods alone occupy the Wetter areas of a few square yards to several A banks; then the sandy soil is covered with a thin in extent occur. Where the light permits its growth, layer of fallen leaves and other debris. Elsewhere, a nearly pure stands of reed canary grass (Ph alaris usually discontinuous understory of small trees, nuarundinacea) may be found. By midsummer the merous shrubs and a layer of forbs prevail. leaves of this 5-8 ft high grass are dead and the Scattered over the lower flood plain far from the plants often lodged, thus again making walking diffi-river many cottonwoods of large size occurred. Some cult. More often brush, consisting of dogwood, in-were 5-6 ft or more in diameter and 60 to 85 ft tall. digobush and prairie rose (Rosa setigera), and scat-Ring counts of stumps of similar trees revealed that tered willows, young cottonwoods and elms are inter-they were 70-80 yrs old. On better drained alluvial mixed. In still other places shrubs, cordgrass, switch-soils farther from the river banks, many other forest grass and dense patches of oxeye, american german-trees are common. They are mostly red and white der (Teucriusm canadense), or tall sunflowers may elm, ash (including white ash (Fraxinus americana), occur. Thickets of plum, young cottonwood and elm boxelder and hackberry. They all prefer rich alluvial are often so dense that there is no undergrowth. soils to river sand. Large trees are often infrequent; Pools with cattails, arrowheads, and bordering dead or dying saplings are common, resulting from sedge marshes may alternate with groups of tall, poor soil aeration and deep shade. But on well stately cottonwoods on the adjacent ridges, or with a drained, rich bottom lands, well developed specimens dense undergrowth of patches of shrubs and vines. are abundant. Walnut (Juglans nigra) is not plenti-Ecological Monographs ful except in the south, and there also sycamore forest is especially typical of the Platte and Missouri (Platanus occidentalis) is a common flood plain tree. rivers. It extends over low sandy banks, sandbars, Adjoining the flood plain, on the better protected abandoned channels and elsewhere. "A later developslopes the red oak-linden community prevails along ment is shown by the growth of such species as Acer the Missouri River almost to Sioux City. It also negundo, Ulmus americana, U. fulva, Fraxinus pennextends 20-30 mi along the tributaries entering the sylvanica, and Juglans nigra. These in turn may lower portions of this river, linden ranging quite finally be replaced by Tilia americana, the elms often beyond the red oak. Where the stands are thick, remaining as codominants" (Aikman 1929 ). The fallen leaves cover the soil beneath the trees more or usual flood plain species occur on more stable and less completely.
better drained soils of the broad flood plain between It has been shown that flood plain forest is repre-the bordering wooded hillsides or bluffs (Fig. 16) Enormous amounts of debris result froIn the death of parts above ground in winter.
Aside from other swamp dominants, cattail stands usually have few other species, except the free-floatinlg duckweeds (Lemnaceae) which are present from early spring to late fall.
The narrow-leaved cattail (Typha angustifolia), of common occurrence here mostly since 1900, is far less abundant.
The reed (Phragmnites comrmunis) occurs in pure stands in swamps and on banks of streams, where many hydric species, common elsewhere, fail to thrive.
This coarse perennial grass has a complex system of rhizomes, which may occupy the soil 8-10 in.
FIG. 18. River bulrush (Scirpis fluriatilis). FLOOD PLAIN VEGETATION OF CENTRAL MISSOURI VALLEY

spread widely. This bulrush occupies great areas of
Bur reed (Sparganium eurycarpum) has stout, swamps and is sometimes intermixed with species of erect leafy stems usually only 2-4 ft tall (Fig. 20) . marsh plants.
The leaves are shallowly and broadly triangular in Scirpucs atrovirens is an abundant bulrush scat-cross-section. The plants grow in shallow water, tered widely in wet areas over the first bottom land. usually in extensive, dense stands and they are of It is a coarse perennial with thick rhizomes and very common occurrence. grows in dense tufts to a height of 3-5 ft. The 8-10 leaves, about 0.5 in. broad, are mostly on the lower portion of the culms. It usually occurs in places somewhat wetter than those occupied by cordgrass. The lakes and ponds were also inhibited by water lilies, anchored by roots and rhizames in the mud 3-8 ft below the water surface (Fig. 23) swamps, and is commonly associated with western water hemlock and stiff marsh bedstraw. Like the Carex vulpinoidea, fox sedge, grows in dense tufts preceding species it frequently composes a considerand alone or with other species forms a compact sod able part of marsh-land hay. (Fig. 24) . The stiff, upright stems have an abunCarex sprengeltii is a tall sedge often associated dance of long, grass-like leaves. Stands are dense with C. rulpinoidea but it also grows in nearly pure and often nearly pure except for swamp milkweed, stands. It is abundant along streams and frequently fringed loosestrife, and other hydrie forbs. The ex-composes much of the marsh vegetation, especially in tensive rhizomes produce 5-20 stems per square deci-the northern section of the area. Rhizomes are numeter and the foliage entirely conceals the soil. The merous and the culms are usually less than 3 ft in shade is dense and frequently the debris is 5-7 in. height. deep. As a dominant it may form small patches or Carex lupulina forms dense tufts by means of cover extensive areas. It often forms distinct zones short, stout rhizomes. soil. Carex festucacea grows in dense clumps; the long, Eleocharis paluistris is the most abundant of the slender, erect culms hold the flowers quite above the spike rushes. It often occurs in nearly pure stands. foliage (Fig. 27) gelii, and C. iWlpinoidea were usually the most abundant species. They grew so thickly, in pure stands terete stems fornis much debris (Fig. 28) . It varies or intermixed, that walking was difficult. The matinuously wet soil or in shallow standing water-. were often so abundant as to add a brownish tinge This species is most conspicuous in spring and early the lower portions of the plants were a dull brown, sumnmer over many acres of low, poorly drained land. and unlike bluestem prairie there were no flower The spike rushes, including especially the much stalks extending high above the foliage. sn iker F. aciularis, form great alternes with or Composition of the vegetation varied greatly. In frequently an understory to other marsh plants and places the tall, stiff, triangular and almost leafless even gowv under thin stands of cordgrass. Like most stems of Scirpus americanits were scattered thinly to hydrophytes, this species renews growth early. Nor-thickly. Elsewhere it formed dense, extensive and mally plants are several inches high early in April almost pure stands, which indicated somewhat wetter and a month later the spikes are developing. This is soil. These were demarked by the dark-green color followed by blossoming in June and July. Where and abundant brown spikelets. Various carices ocEleocharis palustris is dominant few other plants are curred in variable abundance. Among these were C. associated with it. E. obtusa, a much smaller annual cristaltella, C. lurida, C. lacustris and, in a few plant without rootstocks, is also common on marshy places, C. stricta. Spike rushes grew in distinct land.
N
patches and often in continuous stands. In slightly Smartweed sometimes characterizes marshes in wet wetter places, the vegetation consisted of small to ravines and depressions in flood plains and wet large patches of considerably dwarfed Scirpus atromeadows. Among the chief species are Polygonltm rirens. This bulrush was more or less mixed with natans, P. lapathifolium, and P. coccineum. The various sedges but its brown umbels made it conspiculast includes aquatic forms with floating or sub-ous. Juncus torreyi was also common and with J. mersed stems as well as terrestrial forms with erect tenuis grew in patches. stems often 3 ft high. Other important species are Portions of this marsh were clothed with stands P. punctatum, P. hydropiper, P. hydropiperoides and of smartweeds often 3 ft high and so dense that most P. pennsylvanicum. Often singly but sometimes in-other vegetation was excluded. Chief species were termixed, they form dense vegetation with few other Polygonum coccineum, P. natans and P. lapathiplants, from muddy stream banks to extensive shal-folium. They also intermixed in part with other low depressions that are dry in late summer. Height marsh dominants. Reed canary grass claimed a place varies greatly, from 1-6 ft. Some species are annuals, in this area, growing in pure stands. Tufts of both others are perennials with creeping stems and well northern reedgrass and bluejoint were found and Although this list could be greatly enlarged, forbs in general were not abundant. The great mass of hydric vegetation began growth early and soon shaded the soil so completely that many forbs did not thrive. This great growth of vegetation is utilized by the farmer either as pasture or a poor type of hay, since the soil is usually dry enough to permit hay making in late summer. But where the land can be drained it is far more valuable for farm crops. The present area, like thousands of other marshes, was later drained and is now producing hybrid corn. a complete cover and in dense stands almost no other Prairie cordgrass (Spartina pectinata), but plants are found. Here the foliage to a height of sloughgrass to the pioneers, is the most abundant about 2 ft soon becomes yellow and dry. This warmgrass of the lower flood plain and wet lands wherever season perennial renews growth early and extends they may occur. It almost alone occupied hundreds upward more rapidly than other prairie grasses. of square miles along the great rivers and their tribu-Early in June it is usually in the fifth-or sixth-leaf taries throughout the true prairie. It grows on the stage and 2-3 ft high (Fig. 30) . Yields are large, wet banks of sluggish streams and about ponds but 3-5 T/A and in some experimental plots they were rarely in moist soils except in dry cycles or as relicts even greater. When mowed for hay 2-3 cuttings are in soil which has been drained. On its hydric side made annually.: Smoothness of the leaves makes the this grass is usually bordered by tall rushes, sedges hay difficult to handle; it easily slips off the hayrack and marsh grasses. A good stand of cordgrass in-or from the haystack. dicates that without drainage the soil is too wet for The ability of this grass to stabilize the soil and the production of corn. The soil, like that of the resist water erosion is indeed great. Where steep marshes, may be covered with water during a period banks of streams, that run bank full during heavy in spring.
COARSE GRASSES OF WET
rains, are clothed with prairie cordgrass, the rushing Except for the reed and perhaps eastern gama water, once the grass has been lodged, has only slight grass (Tripsacum dactyloides), this is the tallest and effect in removing the soil. This has been fully concoarsest grass in the area (Fig. 29) . It has a tough, firmed experimentally; it was shown that soil held coarse and much-branched system of rhizomes which by the rhizomes and roots and covered with the wet occupy the surface 8 in. of soil and with the thick, slippery leaves of this grass reduced soil erosion cord-like roots of great depth firmly bind it in place. almost to nil. Moreover it is much less injured by Stout stems vary from 5-15 mm in diameter. They moderate soil deposit than are most grasses; the range from 5-10 ft in height and occur at the rate of hard, sharp-pointed shoots push their way upward 1-3 per sq dm if large, but average about 6 where through a foot of sand or silt. These characteristics, plants are smaller. The stein has 6-10 leaves with together with its rapid growth from seed, make clear scabrous margins, which are sometimes nearly 3/4 in. the way in which this grass succeeds in maintaining in width and 2.5-5 ft long. The conspicuous panicles itself on the ever-shifting soils of the lower flood are 1-2 ft long and 4-8 in. wide. Maximum flower-plain. By early June, the foliage is often large rivers. 18 in. tall. The dense foliage completes its growth Thus, it seems clear that the transition from cordby mid-July (Fig. 34) . The leaves are 8-14 mm rwide grass to big bluestem prairie is nearly always through and 1.5-2 ft in length.
They are usually 6-8 per an area or belt of switchgrass and canada wild-rye. stem.
Foliage height of mature plants is mostly This is also often the same for eastern gama grass. sand paspalum (Paspalura straand controlled drainage districts were formed. The minimum), lance-leaved psoralea (Psoralea lanceolata) lakes and marshes at the margin of the flood plain and cactus (Opuntia macrorhiza).
All are species were filled with soil from the uplands by directing commion in the Great Plains sand hills. Along the the water from the hills into them. Here the transPlatte, Elkhorn, and certain other rivers there are ported soil settled out and ultimately filled them. many sandy and sometimes gravelly deposits. Most The water evaporated from these settling basins and of the alluvium has come from the soils of the up-ordinarily did not travel farther over the flood plain. lands in a particular watershed over a long period Other low places were built up in a similar manner. of time.
In addition thousands of drainage ditches, many Where sandy ridges occur along the Nemaha, the 6-10 ft deep, were constructed, often on every section big bluestem on the surrounding heavy black clay line, to drain the soil and carry the water through loam is almost completely replaced by needlegrass. proper channels to the river. closely grazed pastures and plowed fields. This is grasses, chiefly indian grass, canada wild-rye, and especially true of big bluestem prairie which occupied switchgrass occur in small amounts. In addition the most fertile soil of the lowlands. In the early very numerous perennial forbs ranging from 6 in. to decades of the present century this prairie was 15 ft in height, grow, flower and ripen seed in intermowed each autumn for its large yield of excellent spaces not occupied by the grass. hay. With an increase in the population, better
In early spring the prairie appears dull-browni or drainage of lowland soils, and the replacement of gray. The September mowing leaves a stubble 2-4 horses by the tractor, most of the sod was broken and in. high. Except where mowing is early, there is little the land used for the production of cultivated crops. aftermath and the soil is usually clothed with only a The change has been so widespread that it is now half inch of litter. Against this drab background the difficult to locate even small representative areas. new green blades are very noticeable, and especially These prairies were studied from 1918, through and societies of forbs in bloom are conspicuous. None after the great drought of 1934-41, until the land attained a height greater than 12 in. until late in May was finally broken.
when they elongated somewhat in response to the Big bluestenm (Andropogon gerardi) was the most shade of the rapidly developing grass. Altogether abundant species which occupied the broad valley they occupied only a small part of the soil surface. of the Missouri River and the valleys and ravines of Species of the prevernal aspect are all relatively its tributaries. It also grew thickly on lower, well shallow-rooted perennials. All are of low stature and watered slopes. Almost pure stands occurred over blossom and ripen their seeds rapidly in an area extensive areas and this grass alone usually com-which is well lighted for only a few weeks in spring. posed 80 to 90% or more of the vegetation. It does Flowering of some may continue into May. Plants not thrive in soil that is frequently saturated, but of some species then disappear above ground; others here gives way to switchgrass and prairie cordgrass. linger on in the dim light of the understory.
The total basal cover of the vegetation averaged In the early days of May the prairie changes in only 12%; much soil surface remained unoccupied. appearance from that of winter. Big bluestein is Yet the foliage was so dense and light so greatly 1-3 in. high and its new green soon obscures the reduced that invasion by other plants was diffeult. bases of the old stems. Although canada wild-rye Growth is very rapid, a dense layer of foliage 3 ft and switchgrass were 6-8 in. tall, they were not high is produced by midsummer. Then stout flower abundant, and there were not enough forbs, except stalks, each with 9-10 leaves, extend upward 7-10 ft locally, to relieve entirely the drab aspect of winter. of water of soil and air, wind, and light. Despite the large amounts of water daily transpired, the soil remained well supplied except during the most severe years of drought. Even in the surface foot 5-15% was nearly always available for growth, and at greater depths to 6 ft. 15-20%. These conditions were ascertained by weekly soil sampling in various prairies over a period of several growing seasons. The still deeper soil was also well moist. Average day humidity during drier growing seasons (but not in drought) was about 50-65% and during moist ones 60-95%. These data are from self recording instruments placed at a height of about 6 in. in undisturbed big bluestem prairies. Relative humidity was almost always higher near the soil surface than in or above the foliage of the grass. But even above the foliage at noonday, humidity was often 50%. Midsummer determinations near noonday at a height of 1.5 ft, for example, gave readings 8 to 15% higher than at 3 ft. Near the soil surface the humidity was further increased 3-8%. Wind near the soil surface, after the vegetation had established a complete cover, was almost nil. Late in summer only 2-5% as much air movement as that above the vegetation occurred at 2-3 ft in height.
Light was the chief limiting factor to plant developmient. The forbs of early spring always reniained near the surface of the soil where for a time they received full sunlight. At the beginning of the vernal aspect the grass was only 2-3 in. high. Thus, during the long days of May the new crop of f orbs was at first well lighted. Moreover, these plants grew somewhat taller than the prevernal ones; hence their competition for light was not severe. But with the rapid growth of the bluestem, light at 12 in. height was reduced to 15-20% of full sunshine, and near the soil surface to only 3-5%. As the season progressed, light in the understory became progressively less.
It is during the autumnal aspect, in August and September, that blossoming of big bluestem reaches its maximum. At this time the flower stalks stand 4-5 ft above the foliage level of early July. When examined in September, a lateral view of the prairie clearly exhibits its layered structure. This is beautifully shown during the process of mowing. Plants, or their dried remains, of most of the preverna-l species may be seen as well as those of the vernal aspect. Plants of this lower layer scarcely extend to heights greater than 8-16 in., and the layer is by no means continuous.
A middle layer, which is much more prominent, occurs at a height of 1.5 to about 3 ft. The great mass of vegetation in the upper layer of forbs consists of rosinweeds, sunflowers, asters, goldenrods and other coarse plants of the autumnal aspect. These vary in height from 4-15 ft.
These layers of forbs by themselves, however, do not constitute the vegetation. By full adjustment in time and place, nature produees these varied species in a framework of grasses so dense that one penetrates it on foot with difficulty, and so tall that one might easily become lost in the maturing vegetation of a single growing season.
Thus, the vegetation changes from a simple open structure of early spring to a more complex one with a middle layer as it grows higher with the progress of the season. Finally, with the development of an upper layer of forbs, and the lengthening of the flower stalks of grasses, mostly in late summer and autumn, a very complex structure results. Throughout the three major aspects the controlling vegetation is big bluestem. The habitat usually supplied excess of factors for growth-water, nutrients, light and "heat--after the demands of the dominants had been met. The intensive utilization of these factors is possible because of the plan of life in the prairie is so diverse. As the season advances there is a constant shifting and readjusting as the component species of higher layers continue to develop and increase their stature.
Early in September of a normal season the green color of big bluestem, indian grass, and switchgrass is slowly replaced by the red and bronze and golden tints of autumn. As the season progresses these colors gradually deepen until the landscape presents a color scheme of exquisite beauty and delicacy of painting. But before this time is reached, ordinarily comes the mower. This tremendously varied and intermixed crop is harvested and only the stubble, like that of the preceding spring, remains. But this is essential to maintain prairie as it has been described; the rebuilding will begin once more come spring. If the mass of dead plants is not removed by haymaking or fire, or kept from accumulating by grazing animals, the grassland as described will deteriorate after several years and become quite unlike that known to the original white owners, which condition has been faithfully described (Weaver & Rowland 1952 The first bottom land of the flood plain is an expression of former channels of the river and materials which thev constructed. Soils of the mixed alluvial land formed froiti recently deposited sediments lack distinct horizons. They vary from heavy clays, heavy clays over silt and sand, loams and silt over sand, to coarse sand. They usually occur near the river channel and are subject to occasional or frequent flooding. These soils, sometimes covering 40% of the plain, are occupied partly by trees, mostly willows and cottonwood, shrubs, sedges and rushes, and, in part, by various hydric grasses.
Topography of the second bottom land, which is often 10 or more feet higher, may result from the leveling processes of sedimentation by slack water from the river's flooding. Drainage out of the hills is mainly that of many small streams, often fed by numerous springs, that do not cross the flood plain but fill the ponds and lakes with sediments from the upland. Second bottoms of the Missouri and other large streams present poorly drained clays and silty clay loams. The poorly drained wet meadow soil occurs mostly on the wider and flatter parts of the flood plain, usually near the bluffs. On the wet Flood plain forest consists mostly of various willows and cottonwood, ranging from the water's edge over natural levees to a distance of 1/8 to /2 mi, northward,, and to somewhat greater distances, with increase in number of species, south of Plattsmouth. They also border abandoned river channels, lakes and ponds, but are mostly confined to first bottom land. They are best developed where protected from drying winds by sheltering bluffs. Sandbar willow is the first to become established on river banks and it thickly populates sandbars. Black and peachleaf willows, 20-40 ft tall, are abundant. Cottonwoods, with trunks 3-6 ft thick, tower upward 60-80 ft. Other flood plain trees, such as those along smaller flood plains, also occur, sometimes abundantly. These forests have been described as well as the undergrowth of shrubs and woody vines.
Vegetation of the numerous swamps and extensive marshes has been described. Bulrushes (Scirputs), cattails (Typha), reed (Phragmites) and bur reed* (Sparganium) grew in water 1-8 ft deep in dense stands often extending as far as the eye could see. Marsh vegetation is rooted in waterlogged soil where the water level in summer is close to the soil surface. Chief species were the grasslike sedges 2.5-3 ft high, many of which are pictured and described. Spike rushes (Eleocharis), sma-rtweeds (Polygonum), water hemlock (Cicuta) and many other forbs such as iris and various mints inhabited the marshes. The total area occupied by marshes was very large.
Great areas of the flood plains, intermediate in drainage between the marshes and bluestem prairie, supported continuous grassland of prairie cordgrass. It grew in dense stands from thick rhizomes. The stout stems were clothed with leaves about a half in. in width and 2.5-5 ft long. Foliage height ranged from 5-7 ft and the dense shade often excluded most other plants. Other wet-land grasses were rice cutgrass (Leersia), virginia wild-rye (Elymus), reed canary grass (Phalaris) and redtop (Agrostis). Shrubs were often intermixed and also a large group of tall coarse herbs.
Transition from this wet-land vegetation is through narrow to very wide zones dominated by switchgrass, a tall, coarse sod-forming species, and cana da wildrve, also a coarse grass but of somewhat lesser stature.
The rapid growth and almost complete dominance of big bluestem on the best drained soils and its possession of the major portion of second bottoms have been discussed. Community life in this prairie, the changing structure of the vegetation with the progress of the season, and the wonderful productivity of the prairie soils have all been considered.
